**Core tip:** There is scarcity of data about role of "out-of-pocket costs" among insured patients. From a prospectively collected database of more than 200000 insured individuals, we found that almost 9% of the population could not see a doctor due to an out-of-pocket cost issue. This occurrence was significantly higher in African- Americans, and those without primary care physicians. Undergoing the stool occult blood test, sigmoidoscopy, or colonoscopy in past one-year was significantly associated with not following up with a physician because of cost. The results of our study show that limited financial resources are significantly associated with colorectal cancer non-screening in the insured Americans.

INTRODUCTION
============

Colorectal cancer (CRC) is the leading cause of cancer-related mortality in the United States after breast and lung cancer\[[@B1]\]. According to the National Cancer Institute (NCI), the five-year survival rate for CRC patients between the years 2007 and 2013 was only 64.9%\[[@B2]\]. As per the American Cancer Society (ACS, 2017), approximately 135430 patients would be diagnosed with CRC, representing 8% of all new cancer cases\[[@B3]\]. The mortality rates have been declining in the past decades which is thought to be mainly due to the widespread use of CRC screening\[[@B3]\]. The rate of decline in the CRC-related mortality has accelerated slightly; from 2005 to 2014, with rates decreased by an average of 2.5% per year\[[@B3]\]. However, this progress has lagged in the high-poverty and rural areas of the United States, including the lower Mississippi Delta and parts of Appalachia\[[@B2]\]. In the National Colorectal Cancer Roundtable (NCCRT), almost 1500 organizations have committed to reducing CRC as a significant public health problem and are working toward an ambitious goal of reaching 80% screening rate for CRC by 2018\[[@B4]\].

The screening rate for CRC was 52.1% in 2008 and 62.6% in 2015\[[@B5]\]. Colonoscopy can reduce CRC mortality by almost 50%\[[@B6]\]. Screening rates are known to be higher among individuals with high income and higher education\[[@B7]\]. Unfortunately, for many individuals, CRC screening is not a priority due to multiple possible reasons. Over the past decade, intense research has been focused on predictors of CRC screening to improve the screening rates\[[@B8]\]. Availability of health insurance, the level of income, educational status, and access to a personal doctor, obesity, and race were significant predictors of CRC non-screening rates\[[@B9]-[@B11]\]. Though uninsured individuals are at high-risk for non-screening, studies related to the barriers to CRC screening among insured individuals are scarce\[[@B9]\].

The financial burden of CRC screening is huge in the United States\[[@B3]\]. In a comparative effectiveness study on CRC screening procedures, the yearly cost for providing fecal immunochemical tests (FITs) to 5863 patients was estimated to be \$1.47 million whereas the annual cost for providing colonoscopies for 4869 patients was expected to be \$5.17 million\[[@B12]\]. However, the adenoma detection rate with FIT's was only 1.6% as compared to the colonoscopies, which detected 23.6% of adenoma\[[@B12]\]. Therefore, while costs vary considerably, the differences between the tests' sensitivities are worth the extra cost. Beyond screening costs, medical costs of treatment were even more extreme in the United States In 2014, the direct medical costs of CRC added up to roughly \$14 billion\[[@B3]\].

With the introduction of the Patient Protection and Affordable Care Act (ACA), a larger percentage of adults obtained health insurance\[[@B13]\]. We studied the barriers to routine CRC screening in an "insured population" which might predict who will be screened in the future. Even though a larger percentage of adults are becoming "insured", the "out-of-pocket" costs for CRC screening might also affect the screening rate\[[@B14]\]. There is a limited data on the barriers to screening in insured adults, but "out-of-pocket costs" appear to be emerging as an essential factor in the prediction of screening\[[@B15]\]. Despite having health insurance, the out-of-pocket cost might be an important variable for potential recipients of the screening and hence could be a target for future research. Several studies have studied the effects of out-of-pocket costs on uninsured individuals, but there is a huge gap in the research about these effects on insured individuals.

MATERIALS AND METHODS
=====================

We utilized the Behavioral Risk Factor Surveillance System (BRFSS) 2012, a United States national database, to apply individual predictors affecting the CRC screening. BRFSS is a random-digit-dialed telephone survey of the noninstitutionalized United States civilian population aged 18 and older. Individuals were asked the demographic and health-related questions such as the insurance status, visits to doctors in specified time periods, screenings received, and influence of "out-of-pocket" visiting a physician and getting screened. Initially, 475687 individuals were surveyed in the BRFSS 2012 (Figure [1](#F1){ref-type="fig"}). Excluding United States territories (Guam, Puerto Rico, American Samoa, Northern Mariana Islands, and United States Virgin Islands), 467333 individuals were evaluated. Of these individuals, 237363 were aged between 50 to 75 years, and 216047 had health insurance. Financial data was not available regarding 449 people, and 162 were already diagnosed with CRC. Excluding these, a study sample of 215436 was obtained.

![Study design. CRC: Colorectal cancer; BRFSS: Behavioral Risk Factor Surveillance System; FOBT: Fecal Occult Blood testing.](WJGPT-9-31-g001){#F1}

Demographic characteristics of the population are described in Table [1](#T1){ref-type="table"}. Among these individuals with cost constraints, subjects were divided into an age 50-64 year group (10%, early CRC screening) and age 60-75 year group (5%, late CRC screening). We applied United States Preventive Service Task Force (USPSTF), Centers for Disease Control and Prevention (CDC), and ACS recommendations to assess the CRC screening rates among individuals who could and could not see a doctor due to cost (out-of-pocket) constraints. We computed frequencies, adjusted odds ratios (aORs), and 95% confidence intervals (CIs) using Surveyfreq and Surveylogistic. SAS v.9.3 (SAS Institute, Cary, NC) was used to analyze the data in a manner that accounts for the BRFSS's complex sample survey design.

###### 

Characteristics of 2012 Behavioral Risk Factor Surveillance System respondents ages 50-75 years old who had health insurance by the affordability of doctor visit *n* (%)

  **Variables**                                            **Cost precluded a doctor visit[1](#T1FN1){ref-type="table-fn"}**   **Cost did not affect a doctor visit**   ***P*-value**   **Odds ratio (99%CI)**
  -------------------------------------------------------- ------------------------------------------------------------------- ---------------------------------------- --------------- ------------------------
  Total (*n* = 215436)                                     16517 (9)                                                           198919 (91)                                              
  Age group (*n*)                                                                                                                                                                       
  50-64 (127569)                                           12149 (73.6)                                                        115420 (58.0)                            \< 0.0001       
  65-75 (87867)                                            4368 (26.4)                                                         83499 (42.0)                                             2.01 (1.92, 2.11)
  Gender (*n*)                                                                                                                                                                          
  Male (86028)                                             5442 (32.9)                                                         80586 (40.5)                             \< 0.0001       
  Female (129408)                                          11075 (67.1)                                                        118333 (59.5)                                            0.72 (0.69-0.75)
  Race/ethnicity (*n*)                                                                                                                                                                  
  White, non-Hispanic (177916)                             11806 (71.5)                                                        166110 (83.5)                            \< 0.0001       
  Black, non-Hispanic (16861)                              2107 (12.8)                                                         14754 (7.4)                                              0.50 (0.47-0.53)
  Hispanic (7847)                                          1049 (6.4)                                                          6798 (3.4)                                               0.46 (0.41-0.51)
  Others (10314)                                           1321 (8.0)                                                          8993 (4.5)                                               0.48 (0.43-0.54)
  Education attainment (*n*)                                                                                                                                                            
  Did not Graduate High School (15280)                     2367 (14.3)                                                         12,913 (6.5)                             \< 0.0001       
  Graduated High School (62826)                            5439 (32.9)                                                         57387 (28.8)                                             0.75 (0.70-0.80)
  Attended College/Technical School (58305)                4852 (29.4)                                                         53453 (26.9)                                             0.78 (0.74-0.83)
  Graduated College/Technical School (78388)               3795 (23.0)                                                         74593 (37.5)                                             1.40 (1.32-1.48)
  Health status (*n*)                                                                                                                                                                   
  Excellent/very good/good (169114)                        8841 (53.5)                                                         160273 (80.6)                            \< 0.0001       
  Fair/poor (45648)                                        7594 (46.0)                                                         38054 (19.1)                                             0.28 (0.26-0.29)
  Body mass index (kg/m[2](#T1FN2){ref-type="table-fn"})                                                                                                                                
  Normal (2666)                                            280 (1.7)                                                           2386 (1.2)                               0.0205          
  Overweight (60265)                                       4099 (24.8)                                                         56166 (28.2)                                             0.97 (0.82-1.15)
  Obese (77582)                                            5177 (31.3)                                                         72405 (36.4)                                             0.99 (0.94-1.05)
  Current smokers (*n*)                                                                                                                                                                 
  Yes (31599)                                              4119 (24.9)                                                         27480 (13.8)                             \< 0.0001       2.09 (1.99-2.20)
  No (179993)                                              12034 (72.9)                                                        167959 (84.4)                                            
  Binge drinkers[2](#T1FN2){ref-type="table-fn"} (*n*)                                                                                                                                  
  Yes (18355)                                              1349 (8.2)                                                          17006 (8.5)                              0.9101          
  No (189647)                                              14486 (87.7)                                                        175161 (88.1)                                            0.96 (0.89-2.20)
  Have a personal doctor or health care, provider                                                                                                                                       
  Yes, at least one (200482)                               14657 (88.7)                                                        185825 (93.4)                            \< 0.0001       
  No (14554)                                               1801 (10.9)                                                         12753 (6.4)                                              0.56 (0.52-0.60)

**Missing not included; therefore, some variables' total percentages do not meet 100%.**

Adults who could not see a doctor in the last 12 mo because of cost;

Males having five or more drinks on one occasion, females having four or more drinks on one occasion.

RESULTS
=======

Out of 215436 adults aged between 50 and 75 years, 9% (16517) individuals could not see a doctor due to out-of-pocket cost constraints even when in need of screening (Table [1](#T1){ref-type="table"}). The prevalence of adults who could not afford to visit a doctor in the last 12 mo because of "out-of-pocket cost" was significantly higher among 50-64 years old individuals than 65-75 year (*P* \< 0.0001); men compared to females (*P* \< 0.0001); Non-Hispanic Whites in comparison to Non-Hispanic Blacks (*P* \< 0.0001); those who were college graduates compared to those who did not graduate from high school (*P* \< 0.0001). The prevalence of "unable to see a doctor due to cost constraint" in the past 12 mo was unusually high among respondents who were: Healthy adults in comparison to the adults with fair or poor health (*P* \< 0.0001), non-smokers versus current smokers (*P* \< 0.0001), and the individuals with a doctor compared to those without a personal doctor (*P* \< 0.0001).

Among adults aged 50-75 years, 5913 individuals who never received a colonoscopy screening due to out-of-pocket cost constraints were lower than those without cost constraint (OR = 0.72). Similar observations were noted for the use of sigmoidoscopy and FOBT (Table [2](#T2){ref-type="table"}). To assess the trend of CRC screening, we used the data from BRFSS 2008 and 2010 together with that for 2012. We compared adults with out-of-pocket cost constraint to adults who did not report a cost constraint, and found a significant association in receipt of a colonoscopy within the last 12 months for BRFSS 2008, 2010, and 2012 \[aOR = 0.77; 95%CI: 0.69-0.85, 0.90 (0.82-0.99), 0.90 (0.80-1.00); respectively\]. This was adjusted for age, gender, race, education level, general health status, having a personal doctor, the length of time since the last routine checkup, and per capita primary care physicians with a univariate logistic model (Figure [2](#F2){ref-type="fig"}). The odds of getting a colonoscopy screening in the past 12 months improved from 2008 to 2012 \[aOR = 0.77; 95%CI: 0.69-0.85; 2008 *vs* 0.90 (0.80-1.00); 2012\]. However, this was not seen with FOBT \[aOR = 0.93; 95%CI: 0.83-1.05; 2008 *vs* 0.88 (0.77-1.01), 2012\] or sigmoidoscopy \[aOR = 0.72; 95%CI: 0.49-1.04; 2008 *vs* 0.69 (0.46-1.03), 2012\], indicating there might be a paradigm shift towards colonoscopy as a preferred way of CRC screening compared to FOBT or sigmoidoscopy in recent years.

###### 

Colorectal cancer screening of the 20122 Behavioral Risk Factor Surveillance System respondents ages 50-75 years old *n* (%)

  **Variables**                            **Cost precluded a doctor visit**   **Cost did not preclude a doctor visit**   ***P*-value**   **Odds ratio (99%CI)**
  ---------------------------------------- ----------------------------------- ------------------------------------------ --------------- ------------------------
  Time since last blood stool test (*n*)                                                                                                  
  Within the past year (20496)             1420 (9.1)                          19076 (10.0)                               \< 0.0001       
  Within the past 2 to \< 5 yr (29863)     1838 (11.8)                         28025 (14.9)                                               1.25 (1.14-1.38)
  5 or more years (25290)                  1569 (10.1)                         23721 (12.6)                                               1.24 (1.13-1.36)
  Never (128556)                           10717 (68.9)                        117839 (62.5)                                              0.90 (0.84-0.97)
  Time since last sigmoidoscopy (*n*)                                                                                                     
  Within the past year (1053)              80 (0.5)                            973 (0.5)                                  \< 0.0001       
  Within the past 2 to \< 5 yr (2645)      172 (1.0)                           2473 (1.2)                                                 1.18 (0.82-1.70)
  5 or more years (2888)                   238 (1.4)                           2650 (1.3)                                                 1.24 (1.13-1.36)
  Never (57443)                            5913 (35.8)                         51530 (25.9)                                               0.90 (0.84-0.97)
  Time since last colonoscopy (*n*)                                                                                                       
  Within the past year (33454)             2316 (14.0)                         31138 (15.7)                               \< 0.0001       
  Within past 2 to \< 5 yr (77619)         4634 (28.1)                         72985 (36.7)                                               1.29 (1.21-1.39)
  5 or more years (28253)                  1931 (11.7)                         26322 (13.2)                                               1.12 (1.04-1.20)
  Never (57443)                            5913 (35.8)                         51530 (25.9)                                               0.72 (0.67-0.77)

**Missing values not included; therefore, some variables' total percentages do not meet 100%**.

![Odds ratios for fecal occult testing, sigmoidoscopy and colonoscopy. FOTL: Fecal occult testing (same as FOBT: Fecal occult blood testing).](WJGPT-9-31-g002){#F2}

DISCUSSION
==========

Our study indicates that out-of-pocket cost is a potential barrier in the colonoscopy for colon cancer screening among the insured population. Studies identifying barriers to CRC screening among insured adults are rare. Our study focuses on the "insured adults" compared to other studies that target the uninsured groups\[[@B16]\]. While the need to look at the uninsured population is essential, this study indicates that the same factors that limit screening colonoscopy in uninsured also affect many of the insured. With more adults obtaining health insurance due to the expanded ACA, concern about the out-of-pocket costs is increasing. Despite the expansion of health insurance, there are potential hidden costs that remain a barrier to the screening process\[[@B16]-[@B18]\]. Understanding the specifics of a health care plan might delineate some of the costs involved in the process.

The USPSTF recommends the use of either FOBT, sigmoidoscopy, or colonoscopy as the approved CRC screening methods beginning at the age of 50 years in average-risk individuals\[[@B19]\]. Colonoscopy is the most preferred and accurate of all the screening methods but is also the most expensive\[[@B19]-[@B21]\]. FOBT can reduce the number of deaths from CRC by approximately 15% to 33%\[[@B21]\]. FOBT is a non-invasive test and can be easily done at home\[[@B21]\]. For patients avoiding screening due to embarrassment, social stigma, or lack of financial resources, FOBT can be a great solution to raise screening rates. People aged 50 to 60 years who are screened with sigmoidoscopy have a 70% lower risk of death due to CRC compared to those not screened\[[@B22]\]. Sigmoidoscopy is only needed every 5-years, making it convenient for patients living in the rural areas with limited transportation and medical care\[[@B23]\]. Lastly, screening colonoscopies have been shown to reduce the risk of death by 60% to 70%\[[@B20]\]. Colonoscopies are needed every ten years as recommended by the USPSTF, which helps to counteract its high cost\[[@B23]\]. While endoscopy procedures are invasive, the time and money spent on fewer screenings overall can be a great motivator for rural patients to increase their screening rate for CRC\[[@B22]\]. In the recent years, the virtual colonoscopy has been developed, which is performed via CT scan but in much less invasive fashion\[[@B24]\]. With this test, there are fewer risks of complications as well\[[@B24]\]. However, due to the lack of evidence for assessing the effectiveness of virtual colonoscopy due to the limited number of studies, it has not been accepted as a mainstream screening method. Moreover, extracolonic incidental findings on virtual colonoscopy can lead to over diagnosis and over treatment\[[@B23]\]. Some insurance companies including Medicare still do not cover this procedure making it a high out-of-pocket cost screening method not only for those who are uninsured but also for insured individuals. As one could expect, out-of-pocket costs affect all everyone in the population, and thus, all sectors of the population need to be studied in regards to this particular barrier to investigating whether this barrier is a significant driver of low CRC screening rates.

The ACS reports that disparities in CRC survival time are predominantly due to socioeconomic variables such as race/ethnicity, insurance coverage, and income\[[@B3]\]. These disparities also drive the access to early screening procedures, which influence the patients' prognosis ultimately\[[@B3]\]. For instance, Non-Hispanic Blacks and American Indians or Alaskan Natives are the most likely to be diagnosed with metastatic CRC\[[@B3]\]. Non-Hispanic Whites, as well as Asian and Pacific Islanders, are most likely to be diagnosed with the local CRC, which is much easier to treat and cure\[[@B3]\]. Also, 5-year survival rates also indicate disparities\[[@B3]\]. For instance, only 11% of Non-Hispanic Blacks versus 14% of Non-Hispanic Whites live for 5-years after diagnosis of metastatic CRC\[[@B3]\].

Health insurance related barriers to screening
----------------------------------------------

Most healthcare insurance carriers divide the costs between premium (monthly fee to the insurance carrier), deductible (initial payment by beneficiary before insurance payment), cost-sharing (percentage of cost shared by insurance carrier and beneficiary), co-payment (cost for routine services which is not paid by deductible) and out-of-pocket cost (which is the absolute payment for healthcare cost annually). ACA recommends zero cost-sharing and zero co-payment (which includes screening colonoscopy)\[[@B13]\]. However, the amount of deductible and out-of-pocket cost remains unclear. Although out-of-pocket costs and co-payments are useful in a more meaningful utilization of the health care system, their use in screening procedures is debatable\[[@B17]\].

Screening colonoscopy is traditionally covered by most of the insurance carriers. However, if during the screening procedure, a lesion is identified, removed, and biopsied, it is termed as "diagnostic or therapeutic" colonoscopy. In most events, there would be additional costs related to pathology, anesthesia and facility fees. This leads to an ill-defined area, where screening colonoscopies turn into a diagnostic and may result in high co-payment and out-of-pocket cost to the patient\[[@B17]\]. These costs are difficult to predict, given that different insurance carriers charge differently (including within or out of network groups) which leads to varying costs for colonoscopies in the United States\[[@B14]\]. Also, state-specific rules apply with regards to the extent of coverage for the screening procedures\[[@B18]\]. It was previously reported that health insurance plans with high deductibles have a lower percentage of screening colonoscopy\[[@B15]\]. These hidden costs make the receipt of colonoscopy a costly affair for the beneficiary and might prevent the widespread screening of CRC\[[@B14]\].

The lack of health insurance, educational level, smoking, alcohol intake, non-availability of a personal doctor, race, and employment status are among some of the important barriers to routine CRC screening\[[@B9]-[@B11],[@B25]\]. These barriers could be divided into provider, practice, or patient based\[[@B1],[@B16]\]. In recent years there has been an increased need for the system-based methods to promote screening explicitly targeting patient-related barriers\[[@B26]\]. Among the obstacles which could potentially be reversible, lack of insurance coverage remains an important one\[[@B11],[@B13],[@B16]\]. Among barriers to colonoscopy, lack of a personal doctor, ethnicity, low socioeconomic status, lack of education, rural location and non-availability of health care coverage constitutes a vulnerable section\[[@B8]-[@B10],[@B22],[@B27]\]. Over the last few years, there has been a push to find an answer on how to raise the low CRC screening rates. Use of health information technologies, computerized reminders, mailed letters, clinician feedback, narrative interventions, a culturally targeted navigation system, care plan, clear goal setting, performance-based financial incentive, and personal telephone outreach has been found to increase the adherence to CRC screening\[[@B26],[@B28]-[@B33]\]. Patients undergoing screening for other cancers like prostate, breast, or cervical are usually more adherent to CRC screening which indicates overall health as a variable for screening. This might be utilized by the health care providers to discuss the CRC screening during patient visits for other cancer screening\[[@B34]\]. Also, an active discussion about health care reforms and coverage with the patient and physician could probably help. An interactive multimedia computer program (IMCP) to expand psychosocial factors for promoting CRC screening was tried, but with limited success\[[@B35]\].

Strengths and limitations
-------------------------

One of the strengths of this study is the inclusion of a large random sample. Furthermore, information about confounding variables affecting the colorectal screening helped in effective comparison. Availability of BRFSS data over 2008, 2010 and 2012 helped in predicting a trend. Also, the unique aspect of our focus on the insured individuals' sheds light on an aspect of out-of-pocket barriers to screening that has not been explored prior to this study.

There are some potential limitations to our study. BRFSS is based on non-institutionalized adults and not patient-based data. However, as screening involves adults without symptoms, this is being of low significance. There are some missing data in the BRFSS that could limit our study interpretation. Subjects with precluded visits were more likely to have missed FOBT (*P* \< 0.0001) as well as sigmoidoscopy and colonoscopy (*P* \< 0.0001) than individuals without a precluded visit. This is expected, given that adults who cannot afford to get screening due to the cost are more likely not to report or do not recall any screening events. Our data predominately includes white non-Hispanics population that could limit the validity of results. Given the one-time telephonic survey and cross-sectional causality could not be determined. Adults without access to a landline or cell phone are excluded from this survey. It is limited to adults speaking English or Spanish language. It is also obvious that some respondents may not give the information in its entirety during the self-reporting telephonic conversation. The results are limited to the US healthcare system, therefore, might not apply to other countries because of variation in colon cancer screening guidelines.

Our findings that out-of-pocket cost may be a barrier to the receipt of colonoscopy might have a potential role in future, larger studies. As we see the trend of increased recognition of colonoscopy as a CRC screening option compared to FOBT or sigmoidoscopy, the rate of receipt of colonoscopies is expected to rise in the future. This would probably be a paradigm shift with colonoscopy taking over as a predominant screening for CRC screening. Given the reversible nature of insurance coverage issues, a payment program targeting the vulnerable population either federal or state-funded among the insured adults might reduce the bridge between the target and current screening rate. Formulating designs and protocols to isolate the vulnerable adults from the impact of high out-of-pocket costs for screening might decrease the CRC mortality. Use of health savings accounts and access to insurance plans, which cover a large portion of the out-of-pocket costs, educating individuals and discussing these models probably will move closer to the targeted screening rate.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Over the past decade, intense research has been focused on predictors of colorectal cancer (CRC) screening to improve the screening rates. Availability of health insurance, the level of income, educational status, and access to a personal doctor, obesity, and race were found to be significant predictors of CRC non-screening rates in the past. Though uninsured individuals are at high-risk for non-screening, studies related to the barriers to CRC screening among insured individuals are scarce.

Research motivation
-------------------

There is only limited information if out-of-pocket cost restraints in the insured population affect the receipt of coloscopy for CRC screening.

Research objectives
-------------------

The main objective was to investigate if out-of-pocket cost restraint plays a part in not getting the screening colonoscopy.

Research methods
----------------

The study was performed from a prospectively collected telephone database named Behavioral Risk Factor Surveillance System (BRFSS) (2012) included 215,436 insured adults age 50-75 years. We computed frequencies, adjusted odds ratios (aORs), and 95%CIs using SAS v9.3 software.

Research results
----------------

Nine percent of the insured population needed to see a doctor in the past year but could not because of cost. The numbers were significantly higher among those aged 50-64 (*P* \< 0.0001), Non-Hispanic Whites (*P* \< 0.0001), and those with a primary care physician (*P* \< 0.0001) among other factors. Adjusting for possible confounders, aORs for not seeing the doctor in the past year because of cost were: stool occult blood test within last year aOR = 0.88; 95%CI: 0.76-1.02, sigmoidoscopy within last year aOR = 0.72; 95%CI: 0.48-1.07, colonoscopy within the last year aOR = 0.91; 95%CI: 0.81-1.02.

Research conclusions
--------------------

Out-of-pocket cost is a barrier to the receipt of colonoscopy in the insured population.

Research perspectives
---------------------

Further steps should be taken to target the insured population to increase the colon cancer screening.
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